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FREE -FLIGET INVFSTIGATION OF THE ROLLING EFFECTIVENESS 
OF SEVERAL DELTA WING - AILERON CONFIGURATIONS 
M TRANSONIC AND SUPERSONIC SPEEDS 
By Carl A. Sandahl 
SUMMARY 
As part of a general experimental investigation of wing-aileron 
rolling-effectiveness characteristics at transonic and supersonic speeds 
utilizing rocket-propelled test vehicles, several delta wing - aileron 
configurations were tested. The configurations tested inc luded delta 
wings having 450 and 600 sweepback of the leading edge with constant-
chord plain ailerons and a delta wing having 450 sweepback of the 
leading edge with delta wing-tip ailerons. The results show that, below 
a Mach number of 0.90, the rolling effectiveness of all the configu-
rations tested was of the same magnitude. In the Mach number range from 
about 0.91 to Just below 1.0 all configurations tested exhibited a 
reduction in effectiveness, as compared with that at a Mach number 
of 0.90, varying from 17 percent for the delta wing-tip ailerons to 
50 percent for the constant-chord ailerons. With increasing supersonic 
Mach numbers, the rolling effectiveness of the delta wing-tip ailerons, 
which was about twice that of comparable constant-chord plain ailerons, 
tends toward a value which is about one-half of the subsonic effective-
ness. A comparison between the measured values of rolling effectiveness 
and calculated values based on linearized supersonic-flow e~uations showed 
very good agreement for the delta wing-tip ailerons. For the constant-
chord ailerons, the measured values were considerably smaller than the 
theoretical values. For the constant-chord-aileron configurations, the 
theory fairly accurately predicted the variation of effectiveness with 
Mach number. 
INTRODUCTION 
Of the several wing plan forms which have been proposed for 
flight at transonic and supersonic speeds, the delta plan form affords 
certain aerodynamic and structural advantages . Consequently, as part 
of a general investigation of the rolling-effectiveness characteristics 
of Wing-aileron configurations at transonic and supersonic speeds 
being conducted by the Pilotless Aircraft Research Division of the 
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Langley Laboratory utilizing r ocket-propelled test vehic l es in free 
flight~ sever a l wings of delta plan form having plain constant-chord 
ai l er ons and delta wing - tip ai l erons wer e tested . These tests ~ which 
are repor ted herein~ wer e made by means of the RM-5 techni~ue 
(ref er ences l~ 2~ and 3) with which the r olling capabi l ities of wing-
ailer on confi gurations can be evaluated over a large Mach number 
r ange (appr oximately 0.7 to 1·9) at r e latively large scal e. The present 
r esults permit a comparison of the r olling effectiveness of pl ain 
constant -chord ai l er ons and delta wing -tip ailer ons on a delta wing and 
also show the effectiveness of plain constant -chord ailerons on de lta 
wings having 450 and 600 l eading -edge sweep. 
pb 
2V 
b 
v 
A 
SYMBOLS 
wing -tip helix angle, r adians 
r olling velocity~ radians per second 
diameter of c i rcle swept by wing tips 
flight-path velocity 
drag coefficient based on total exposed wing area of 
1.563 s~uare feet 
exposed aspect ratio ( b1
2/s1 ) 
bl b minus fuselage di arn.eter 
Sl exposed ar ea of two wing panels 
ALE sweepback of wing l eading edge 
Oa ailer on deflection measured in plane normal to wing-chord plane 
and pa r a llel t o mode l center l i ne 
E semivertex angle of wing 
Mach angle 
m =: ~ == JM2 - 1 t an E 
tan iJ. 
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DESCRIPI'ION OF TECENIQUE 
Inasmuch as a complete discussion of the test techniQue is given 
in references 1, 2, and 3, only a brief description of the method will 
be given in this paper. 
Test Vehicles 
3 
The geometric characteristics of the models of the present tests 
are given in figure 1 and table I. Photographs of the models are shown 
in figure 2. The models are constructed mainly of wood for ease of 
construction and lightness. The body is of balsa except at the wing 
attachment where spruce is used. The wings are constructed of laminated 
spruce with steel plates Cyclewelded into the upper and lower surfaces 
to provide adeQuate torsional rigidity. (See fig. 1.) The ailerons are 
formed by deflecting the basic-chord plane along the hinge lines shown 
in figure 1. This construction simulates a faired, sealed aileron in 
actual aircraft construction. 
Tests 
The launching of the test vehicles is accomplished at the Wallops 
Island test facility of the Pilotless Aircraft Research Division. The 
test vehicles are propelled by a two-stage rocket system to a Mach 
number of about 1.9. During a l2-second period of flight following 
rocket-engine burnout, in which time the test vehicles coast to a Mach 
number of about 0.7, measurements of the rolling velocity produced 
by ailerons (obtained with special radio eQuipment) and the flight-path 
velocity (obtained with Doppler radar) are made. These data, in 
conjunction with atmospheric data obtained with radiosondes, permit the 
evaluation of the rolling effectiveness of the particular wing-aileron 
pb/2V 
as configuration under investigation in terms of the parameter 
Da 
a function of Mach number. In addition, the variation of drag coefficient 
with Mach number is obtained by a process involving the graphical 
differentiation of the curve of flight-path velocity against time for 
power-off flight. The relatively large scale of the tests is indicated 
by the curves of Reynolds number against Mach number shown in figure 3· 
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Accuracy 
The accuracy is estimated to be within the following limits: 
(due to limitations on model constructional accuracy) .. to .001 
(due to limitations on instrumentation) ......... 1:0 .0005 
1:0.003 
M 1:0.01 
It should be noted, as pointed out in r efer ence 1, that owing to 
pb/2V the r elatively small r olling moment of inertia the val ues of 
Oa 
obtained during the larger pa rt of the flight are substantially steady-
state values even though the test vehicles are experiencing an almost 
. .. 
continuous r olling acceler ation or deceleration. Except for the Mach 
number range f r om about 0 · 9 t o 1.1, wher e abrupt changes in r olling 
ve l ocity usual ly occur, the correction to steady -state conditions is 
estimated to be within 3 per cent . Inasmuch as it i s not now possible to 
estimate the damp ing in roll with accuracy in the Mach number range 
from about 0 ·9 to 1. 1, an accurate correction to steady-state condition 
cannot be made . However, fo r an extreme case having a r olli ng acceler-
ation of 100 r adians per second s~uared and a damping-moment coefficient 
of 0 .1, the correction would be about 20 percent. No correction for 
inertia effects has been applied to the data presented herein. 
RESULTS AND DISCUSSION 
The resul ts of the pr esent investigat ion are shown in figure 4 as 
Oa 
curves of the wing-ailer on r olling-effectiveness parameter pb/2V 
and drag coefficient as a function of Mach number. In applying the 
present r esul ts which wer e obtained with t hree -wing configurations to 
configurations having other than three wings, consideration has been 
made of unpublished test resul ts obtained with two RM-5 configurations 
having untaper ed wings of aspect r atio 3.0 and 00 and 450 sweepback 
which wer e tested in thr ee-wing and f our-wing arrangements. The r olling -
effectiveness resul ts f or these three -wing and four-wing arrangements 
agr eed wel l with i n the exper imental accuracy, indi cating that the i nter-
fe r ence effects in r egard to r ol l ing-effectiveness characteristics a r e 
pr obably negl igible for the thr ee -wing configurations of the present 
tests . 
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Wing-Aileron Rolling Effectiveness 
Experimental r esults . - As shown in figure 4, below Mach number 0.90 
the r olling effect iveness of all the configur ations tested was of the 
same magnitude. In the Mach number range from about 0.91 to just 
below 1. 0 all configurations tested exhibited a r eduction in effective -
ness varying from ~7 percent fo r the del ta wing-tip ailer ons to 50 per -
cent for the constant -chord ailerons on the delta wings with 450 l eading -
edge sweep. Of the configurations tested, the delta wing -tip-aileron 
configuration (model 84a) had the highest effectiveness and the smallest 
variation of effectiveness over the entire Mach number r ange. For this 
configurat ion, the effectiveness at the maximum Mach number attained 
(M = 1. 88 ) was about one -half of the subsonic effectiveness. The 
r olli ng effectiveness of the comparable constant-chord plain-ailer on 
configurations (model s 97e and 97f) was about one-half of that for the 
delta wing-tip-aileron configuration at supersonic speeds. 
An indication of the effect of l eading -edge sweep of the delta 
wings on the r olling effectiveness of the constant-chord ailer ons is 
shown by comparing the r esults for wings having 450 and 600 leading -edge 
sweepback, model s 97e, 97f, 98a, and 98c , respective~y. At the l ower 
supersonic speeds , incr easing the leading-edge sweep from 450 to 600 
increased the r olling effectiveness . With increasing Mach number to the 
maximum attained, both configurations appr oached the same constant value 
pb/2V 
of ---. 
°a 
Comparison with theor y .- In figure 5, the experimenta l values of 
rolling effectiveness obtained for the configurations tested are 
compared with values calculated by methods based on the linearized flow 
equations. The theor etica l charact.e r istics of the delta wing - delta 
aileron configuration (model 84a) were obtained f r om r efer ence 4 for 
the case of the Mach l ines behind the l eading edge (Mach numbers gr eater 
than 1.4). For the case of the Mach l ines ahead of the leading edge 
(Mach numbers f r om 1 to 1. 4) the characteristics were obtained f r om 
unpublished theory by Dr. Herbert S . Ribner of the Langl ey Laborator y. 
A simi l a r theory is avai l abl e in published f orm in r efer ence 5. The 
theoretical characteristics of the constant -chor d ai l er ons on delta 
wings (models 97 and 98 ) wer e obtained from r efer ence 6 for the cases of 
Mach lines ahead of and behind the l eading edge . In the theor etical 
ca lculations the damping in r oll was obtained f r om r efer ence 7 for all 
cases. The theor etical calculations, which in all cases appl ied to 
isolated wings only, wer e based on a wing plan form as defined in 
figure 6 . 
As shown in figure 5 (a ), good agr eement exists between the theory 
and experiment for the delta wing - delta ai l er on configuration. It 
wi ll be noted that the exper imental va lues a r e larger than the 
theoretical values ; this is attr i buted to the fact that, for the 
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measured values , t he part of the wing pane ls contained withi n the 
fuselag~ as shown in figure 6 cannot cont r ibute to t he damping . Conse -
quent l y , i nasmuch as t he r olli ng moment due t o t he wing-tip ai l e r on i s 
r el ative ly unaffected by the pr e sence of the fus e l age , t he measured 
pb/2V 
val ues of ----- wi ll be lar ger than t he values calculated fo r a wing 
°a plan form as shown i n figure 6. 
For t he constant -chor d ai ler ons the exper imental val ues of r olling 
effectiveness ar e cons i der ably l ower t han the ca lcul ated values 
(fi g . 5 (b)). The lack of agreement is attr i buted partly t o the wing 
and the fus elage boundar y l ayer both of which have a l arger adver se 
effect on the r olli ng moment due t o ai l eron deflection than on the 
damping i n r oll. Also cont r i but i ng t o the l ack of agr eement between the 
theory and the exper iment is the fact that the part of the wing pane l s 
contai ned within the f usel age cannot con t r i bute to either the ailer on 
r olling moment or to the damping in r oll. Her e , again, the ailer on 
r olli ng moment is mor e adver sely affected than the dampi ng in r oll . 
Fi na lly, part of the l ack of agreement can be attr ibu";d to the theor y 
which ignor es the effect of f i n ite wi ng thickness . Rough calculati ons 
based on the r esult s of r ef er ence 8 indi cate that the theor eti cal -
effectiveness values shown i n f igur e 5 (b) should be r educed by about 
15 percent to account fo r the finite t r ai l ing -edge angl e . In consider -
ation of the afor ementioned effects , the l ack of agr eement between theor y 
and exper iment appear s to be r easonable . It should be noted that , as 
pr edicted by theor y, the measured rolling effectiveness f or bot h 
constant -chord-ail er on configurations approaches the same const ant value 
as the Mach number is i ncr eased to that val ue which causes the Mach 
l i nes t o coinc ide with the l eading edges of the wings. 
Because absolute agr eement between the pr esent theory and exper iment 
could not be obtained, an effort was made to establ ish whet her 
the measured variation of pb/2V with Mach number was that predi cted by 
°a t heory . At the suggestion of the author of r efer ence 4, the results for 
the constant -chord ai l er ons wer e plotted as shown in figure 7· When 
t his t ype of plot is used, the agr eement is fai rly good and indi ca t es 
t hat the pr esent theor y, whi l e i ncapable of pr edicti ng absolut ely the 
wi ng - a i l er on r olli ng effectiveness , is useful i n showing t he vari ation 
of effectiveness with Mach number. 
Drag 
The variation of drag coefficient wi th Mach number f or the model s 
tested i s shown i n figure 4. Regar dl ess of t he a i l eron configuration, 
increas i ng the wing l eadi ng -edge sweep from 450 to 600 r esul ts in a 
mar ked decreas e i n total drag coeffic ient over the entir e super sonic 
speed r ange inves tigated. By as suming, on t he basis of tests r epor ted 
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in r efer ence 9, a value of 0 .026 for the drag coefficient of the 
fuselage at super sonic speeds, some indication of the variation of wing 
drag coeffic ient with leadi ng -edge sweep can be obtained. At the higher 
supersonic speeds , the wL. drag coefficient (taken as the difference 
between the measured drag coefficient and 0 .026) of the delta wings with 
60 0 leading-edge sweep is about one -half that of the delta wings with 
450 leading-edge sweep. In examining these data, consideration should 
be made of the effects of section angle -of -attack distr ibution due to 
model r otation and wing-fuselage interfer ence on thA measured drag 
coefficients. It is believed, however, that these effects do not 
mater ially affect the for egoing estimated variation of wing drag coef-
ficient with leading-edge sweep. 
CONCLUSIONS 
The following conclusions r egarding the r olling effectiveness of 
delta wing - ailer on configurations ar e indicated by the tests reported 
herein: 
1. Below Mach number 0 .90 all configurations tested exhibit the 
same magnitude of rolling effectiveness; from Mach numbers of 0·91 to 
just below 1.0 the effectiveness, as compared with that at a Mach number 
of 0 .90, is reduced by 17 percent for the delta wing - delta aileron 
configuration and by 50 percent for the comparable constant-chord aileron 
configuration . The rolling effectiveness at supersonic speeds is lower 
than that at subsonic speeds for all configurations. 
2. With increasing supersonic Mach numbers, the r olling effective -
ness of the delta wing-tip ail er ons tends toward a value which is about 
one-half of the subsonic effectiveness. The delta wing-tip ailer on is 
about twice as effective as a comparabl e constant-chord ailer on at 
supersonic speeds. 
3· With constant-chord plain ailerons, increasing the sweepback of 
the wing l eading edge from 450 to 600 r esults in an increase of r oll ing 
effect iveness which is a maximum at the lower supersonic speeds and 
which decreases as the Mach number increases . The rolling effectiveness 
for both configurations approaches the same constant value as the Mach 
number is increased to that value which causes the Mach lines to coincide 
with t he leading edges of the wings. 
4. For the wing -aileron configurations for which it is r easonable 
to assume that the effects of boundary l ayer a r e relatively small, such 
as the del ta -ailer on configuration of the present tests , it 1s possible 
to calculate the wing-aileron r olling character istics with a good de r ee 
of accuracy by the use of the linearized supersonic-flow equations . For 
configurations such as the constant -chord-aileron configurations of the 
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present tests the boundary-layer effects and the effects of finite wing 
thickness are large enough 80 that the absolute theoretical values of 
r olling effectiveness based on the linearized theory will be considerably 
higher than the actual rolling effectiveness. The theory fairly accu-
rately predicts the variation of effectiveness with Mach number. 
Langley Aeronautical Laboratory 
National Advisory Committee for Aeronautics 
Langley Field, Va. 
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. 
4. 00 4.00 4.00 
45 45 45 
0 .080 0 .087 0 .083 
-~~ 
98a 
NACA 
65A-006 
5 ·0 
1· 563 
0.20 
2 · 31 
60 
8 .078 
98c 
NACA 
65A-006 
5 ·0 
1 ·563 
0 .20 
2·31 
60 
0 .074 
~ 
, 
J 
b 
(") 
o 
~ ; 
H 
~ 
~ 
f) 
:r> 
~ 
~ 
o 
~ 
& 
~ 
CON FI DENTIAL 
5.00 0 /0. 
I 1- ------ J:;",.r:. 0 • I I·" JV. 
Ailero/J cover-ed wJlh a 002 11 
, r "'~I .... r"" t lor 2llffness 
@ a02() slee/ plales Il7serleci 
11'7 fo vpper anci Icxver WI179 .5arlcrces 
1 Hinqe !lne-, 
{~S"o 1./ . 
/ 
~ 
(\j --(""f_ 
, I.4l~ 
11 
C) 
M 
0-.:: 
~ /2~25 ~ 
RM-5 No. 84 
A =4.0 
.RN-S ~ • .97 
A <=4.0 
Exposed wlnq pIOI1!orms 
1- /6.12 "I 
RM-5 No. 98 
A:Z.31 
~ 
Fiqure 1.- General ClrrOr7gel??enf of RM-S models. 
DimenSions are in Inches. 
CON FI DENTIAL 
2l 
f; 
!J> 
~ 
2l 
o 
. 
& 
~ 
f-' 
f-' 

CONFIDENTIAL 
Figure 2. - Model configurations of present tests. 
CONFIDENTIAL 
~ ~ ;x:. 
~ 
~ 
o 
~ 
~ 
r-' 
W 
J 
IOx/Ob 
8 
~ 6 
~ 
\: 
:ti 4 ~ ~ ~ ~ 2 
o 6 
, ,,8 
CONFIDENTIAL 
Based on Qveroqe e)(/:)osed 
Wll1q chord p::;ml/e/ fo mocelt 
RM-5 1'/0_ 98-----. 
RM-5 Na5.84 
and g, 
/'0 /,2 1.4 1.6 
Mach I?Clmber 
1.8 GO 
~ 
Figure a - Variaflon or Reyno/ds /lumber wif!; Nat:=".h IJtlmber 
lor the rt::lnqe 0/ cllmalle condil/()J1s dvr/nq resr.5 .. 
CONFIDENTIAL 
!21 ~ 
~ 
~ 
!21 
o 
t-i §> 
~ 
I--' 
V1 
16 NACA RM No. LBD16 
CON FI DENTIAL 
.08 
f-'"' 
!: ,~ - -=-::: -....: ~ ..:=.. f--....:: f-- r--r-' - -f-- -,06 
;; 'f j'f' -r-- 1-- ;-- -- r_ 
-
r-- f-. r-, _ ,- F-
/;: 17 
::::: ,., i---
,02 
o 
Model Aft Aileron oa 
-(de,;r) (deg) 
-84a 45 Della 5.0 
,024 -- 97e 45 Conslonl chord 5.5 -
----- .. 971 4S -do- 4 .9 
-
-- 60 -do- 5.0 --- 980 ,,\ 
- - -- Sl5 c 60 -do- 5.0 -
-
-
f..-1\ \ .020 
.016 \ \" --. -...., 
"-
............... 
f---
~/Sa r~ ~ ~':--.. t'---.. 1\ ~ r-- -r--,OIZ 
-
-
-
,004 
o 
.7 
rt= 1-
,8 .9 
~ y 
V 
1.0 
.r 
" 
~, V 
::::-- I": ~ k... 
...... ~ t-_ 
-r--~ 
--
~ 1-- "':::.: 
-~ F=-= ~-= 
-
--
-~-: 
1.1 1.2 1.3 /. 4 /.5 1.6 1.7 1.8 
Mach l7t1mber 
FI(;wre 4-.- Varia/Ion 0/ ~/SO' and CD w l lh M ach /?{/mber /or 
co/?!iqvra!loI15 0/ p r e.5<?/7! te.5/s. 
CON FI DE NTIAL 
/.9 
J 
NACA RM No. LBD16 17 
CON FIDENTIAL 
. 024 
.ao 
~ ~ ~ -EXpenrnerJ1a/ 
......... , 
---
! I I 
---
, 
---
- TheorellCol-r:T 
.008 
,004 
o /.0 /,1 1.2 13 /.4 15 /.6 /,7 /.8 /.9 2.0 
Mach f/ltlmber 
(a) De/lo Ol/erol?s./ ../lLE . ==45"°)' m ocle/ 6'~. 
.02 '4 \ 
.AlE. 
'\ 
>20 .M£;Jde! (deg) 
'" 
-- 97 4-5 
'-....., --98 60 
'16 " \ 
" 
I 
,,~ ........ ........... Ir-I-Th eorel lcol 
VZ 
"'-~::- ~f '-....... r- r_ 
............ ~ r-- II '-I--- r--r-. --t--
-r- r--It 
--
t-- I---
-
-
.0 Expenmel7la/-
-o /.0 II 1.2 /.3 /,4- /.5 1.6 /.7 /.8 !.~ 2,L? 
Mach l1t1mber ~ 
(b) Cons/ani-chord alleron5 , T he e).'penmer;IQ/ 
ra/wes are o¥el'Vf7;?5 0/ 97e~/ and 9Balc.) respechn:/y. 
Figvre S. - Compa nson 0/ e xpenmenlal o/ld J-heorel/co/ 
1'??5C4I/s I 
CONFIDENTIAL 
18 NACA RM No. LBD16 
CONFIDENTIAL 
I \ i 1 \ 
I , 
I I 
1 
Fiqure 6.- hl'inq conl'iqtlr,Qlio/l COl?sidered 
/n mClk/ng co/ct//ql/o/JS . 
CONFIDENTIAL 
2.8 
Z,4 
/ 2.0 
P-Q /~ /.0 
ZV/Oa 
(j$/J~m'l 
1.2 
,8 
.4 
o 
f--
>---
I 
o ,Z 
Figwre 
CONFIDENTIAL 
\ 
' I I 1 1 I I 
AlE \ Hodel (dt?p) \\ --97 45 
---- 98 60 \ 
\ 1\ 
\\ If. ' 1/ I I v-Theore lea 
"-
t\ \ 
'\.\ 
r\. .......... 
" I~ ~ r~ ~ 
I'~ ~ 
l10ch !i/}e ~ -I r--
-I 
I 6 
t:-r 
1 I I 
,4 ,0 , 8 1.0 /,Z /, 4 /'6 
m= IOl7c/rQn,tl ~ 
7,- Comp a n .5o!1 0/ IfJeore!lcQI qn d e Xj::e/lmeola/ re.5t//I:5. 
COrJsi ol'7l- chord Cll lerol?.5 0/7 del/a /U/nt;7s. 
CONFIDENTIAL 
~ 
:t> 
~ 
~ 
o 
. 
& 
f-' 
0\ 
f-' 
\0 
